T he use of rapid response teams (RRTs), medical emergency teams (METs), and critical care outreach teams in hospitals as a method to decrease rates of adverse clinical outcomes, including cardiac arrest, unplanned intensive care unit (ICU) admissions, and total hospital mortality, has increased significantly over the past few years (1) . METs are considered to be high-capability teams and are staffed by physicians, often intensivists, who have advanced airway management and central venous access skills, assisted by nurses and respiratory therapists. There have been a number of studies showing that physician-led METs have improved major outcome variables (2, 3) . Although one multicenter trial failed to show a difference between hospitals with a MET and those without, both groups showed improvement in outcomes (4) .
RRTs and critical care outreach teams are traditionally intermediate capability teams that are usually staffed by nurses with physician backup (5) (6) (7) (8) . These teams generally do not have advanced airway management or central venous access skills. Studies of these types of teams have been less numerous than for METs and, especially in the case of RRTs, have often been descriptive in nature (5, 6) .
The objective of our study was to prove the hypothesis that a physician assistant (PA)-led RRT was associated with improvements in the major clinical outcomes of out-of-ICU cardiac arrest, unplanned ICU admissions, and hospital mortality. Secondary outcomes examined included the rate of successful airway management by PAs, the need for any immediate physician intervention before transfer from the original site of the RRT call, overall nursing satisfaction with the particular RRT call, and the utility of 24-hr follow-up visits for all RRT calls.
MATERIALS AND METHODS
The Hospital. Kent Hospital is a 350-bed nonteaching community hospital in Rhode Island that admits approximately 17,000 patients per year and has annual emergency department volume of 60,000 per year. The ICU is a mixed medical surgical unit with 15 beds that admits approximately 1,200 patients annually.
Study Design and Patients. The study was approved by our institutional review board, which waived informed consent. The study design was a prospective, controlled, beforeand-after intervention trial. All patients admitted to the hospital during the control and study periods were considered participants. Patients with orders to not resuscitate or intubate were eligible for RRT calls and were included in the data analysis. Exclusion criteria included any patient Ͻ15 yrs old and any patient already in the ICU. Patients Interventions: We introduced a hospital-wide rapid response system that included a rapid response team (RRT) led by physician assistants with specialized critical care training.
Measurements and Main Results:
We measured the incidence of cardiac arrests that occurred outside of the intensive care unit, total intensive care unit admissions, unplanned intensive care unit admissions, intensive care unit length of stay, and the total hospital mortality rate occurring over the study period. There were 344 RRT calls during the study period. In the 5 months before the rapid response system began, there were an average of 7.6 cardiac arrests per 1,000 discharges per month. In the subsequent 13 months, that figure decreased to 3.0 cardiac arrests per 1,000 discharges per month. Overall hospital mortality the year before the rapid response system was 2.82% and decreased to 2.35% by the end of the RRT year. The percentage of intensive care unit admissions that were unplanned decreased from 45% to 29%. Linear regression analysis of key outcome variables showed strong associations with the implementation of the rapid response system, as did analysis of variables over time. Physician assistants successfully managed emergency airway situations without assistance in the majority of cases.
Conclusions: The deployment of an RRT led by physician assistants with specialized skills was associated with significant decreases in rates of in-hospital cardiac arrest and unplanned intensive care unit admissions. (Crit Care Med 2007; 35:2076-2082)
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The study began on May 1, 2005, and continued until October 1, 2006 RRS Design. The "afferent limb" of the RRS consisted of all staff nurses, physicians, PAs, and respiratory therapists who had undergone RRS training. This included 90% of staff nurses and 100% of therapists, hospitalbased physicians, and PAs. The afferent limb had the major responsibility of detecting a serious clinical situation that posed an imminent risk to the patient. The "efferent limb" consisted of an RRT composed of a critical care nurse with Ն5 yrs of experience, a respiratory therapist, and a PA who functioned as team leader. An intensivist was available in house from 8 am until 8 pm and on call from home thereafter. A hospitalist was continuously available in house for emergency consultation, as was an anesthesiologist.
The PAs had all undergone an intensive 3-day commercial airway management course run by emergency medicine physicians that placed emphasis on rapid sequence intubation techniques. Two additional weeks were spent with an anesthesiologist practicing intubations in operating rooms. Finally, each PA spent 1 month working in the intensive care unit under the supervision of an intensivist to further refine airway management skills as well as obtaining competency in central venous access. The PAs varied in experience from 2 to 20 yrs.
The bedside nurse had the authority to activate the RRT without approval of either a supervisor or the attending physician. The criteria for activation of the RRT via dedicated pagers as well as an overhead page are listed in Table 1 . The goal was for the RRT to be at the bedside in Ͻ5 mins, although response time was not specifically tracked.
Members of the RRT did not carry any special equipment or medications. Supplies for endotracheal intubation and emergency medications were available in the crash carts on each nursing unit. An initial assessment was carried out with emphasis placed on early and definitive airway management and hemodynamic resuscitation. There were no specific protocols or algorithms for dealing with specific clinical situations aside from the standard advanced cardiac life support, rapid sequence intubation, and difficult airway algorithms. The attending physician was contacted after the initial stabilization in order to determine the direction of care and disposition of the patient. However, members of the RRT were authorized to carry out discussions with patients or surrogate decision makers regarding wishes for specific interventions, including various forms of life support, if the clinical situation warranted it and especially if there was any delay in reaching the attending physician.
The referring nurse completed a satisfaction survey, and an ICU nurse performed a follow-up visit at 24 hrs to assess the status of the patient and to note any subsequent interventions. A committee consisting of intensivists, nurses, clinical pharmacists, and a member of the hospital administration monitored the RRS results.
Definitions and Outcome Variables. The RRS monitoring committee defined major clinical outcomes as follows: A cardiac arrest was defined as occurring in any patient receiving cardiopulmonary resuscitation for any duration of time. An unplanned ICU admission was defined as one that did not originate in either the emergency department or the operating rooms. Successful airway management meant that the PA was able to intubate on the first or second attempt without physician intervention. Physician intervention during an RRT call was defined as the presence of any physician in the patient's room before the disposition decision was made. The satisfaction of the referring nurse was graded by written responses to five questions relating to the overall effectiveness of the RRT call in affecting a positive change in the patients' care with responses ranging from poorly satisfied to extremely satisfied. Hospital mortality was calculated for the year before the RRS deployment and then for the first year of the RRS.
Tracking of Cardiac Arrests. Cardiac arrests were tracked by a system with four components. We examined logs of the cardiac arrest team and compared them with patient medical records to confirm the presence of an actual arrest. The cardiac arrest team also communicated the occurrence of an arrest via e-mail to the RRS committee immediately after the event. Additionally, the pharmacy tracked the use of major advanced cardiopulmonary life support medications required for treating cardiac arrests, and these were tracked back to the patients who received them. Finally, the turnover of crash carts was traced back to the ward and the patients using them. Thus, we believe that we captured 100% of actual cardiac arrests that occurred during the study period.
Statistical Analysis. Linear regression models were constructed for each of the major outcome variables. Time was set as the independent variable with cardiac arrest frequency, hospital mortality, total ICU admissions, unplanned ICU admissions, and ICU length of stay set as dependent variables. The coefficients of regression were estimated from the method of least squares.
One-way analysis of variance was conducted to assess the effects of the RRT intervention across time. To examine the effects across time, time was broken into four categories: time 1 included the four baseline months and the month when training took place; time 2 included the first 4 months after the training intervention; time 3 included the next 4 months after the training intervention; and time 4 included the last 5 months of data collection after the intervention.
Three orthogonal contrast codes were created to test the effect of the intervention across time. The first contrast was designed to test a linear tend, the second contrast to examine a quadratic trend, and the third contrast to assess a cubic trend. Since three orthogonal contrasts were created to assess the effect of the intervention, the ␣ level for significance testing was adjusted using the Bonferroni inequality (␣/the number of a priori contrasts). The new alpha level was thus set at .016 (␣ ϭ .05/3).
RESULTS
There were 344 RRT calls over the study period. The average age of the patients was 69, and 56% were men. Patients on a medical service comprised 61% of the total population with 26% Bedside nurse concern about overall deterioration in patients' condition without any of the above criteria 3 (Ͻ1) Other 7 (2) Values are n (%).
assigned to general surgery, 9% to obstetrics and gynecology, and the balance to psychiatry. The primary reasons given by bedside nurses for activating the RRT are listed in Table 2 . Acute respiratory insufficiency was the most common single reason for RRT activation, accounting for 40% of calls.
RRT Findings and Interventions. The clinical findings encountered by the RRTs and interventions undertaken are listed in Table 3 . Many patients had failure or impending failure of more than one organ system, emphasizing the need for a team with high capabilities. Acute mental status changes were encountered in 45% of patients, although this was assessed to be the underlying cause of the decompensation in only 15% of cases. Although signs of acute respiratory compromise were found in Ͼ40% of patients; slightly Ͼ20% required some type of mechanical respiratory support.
Advanced cardiac life support without cardiopulmonary resuscitation was used in Ͼ17% of patients to treat heart rhythm disturbances and to resuscitate shock with vasopressors if intravenous fluids alone did not prove adequate. Eleven patients suffered cardiac arrest following RRT activation, eight with the team present by the bedside and three after activation while the team had yet to arrive.
A change in resuscitation status occurred in 10% of patients with almost all occurring after a discussion between the RRT and either patient or family member before being able to reach the attending physician. Eighty percent of these patients died within 24 hrs, and all but one died before hospital discharge. The average age of patients who had their resuscitation status changed was 76 yrs, and 72% were on a medical service. Three patients had their resuscitation status changed from do-not-resuscitate to full measures by the RRT at the request of either patient or family members, and all three eventually died before hospital discharge.
Details of airway management are listed in Table 4 . Endotracheal intubation was performed in 11% of patients. The PA successfully intubated the patient in 84% of cases, with physician assistance being required in the balance. Etomidate was the most frequently used sedative medication, and neuromuscular blocking agents were used infrequently. There were no deaths in the intubated patients in the first 24 hrs, although hospital mortality in this group eventually reached 21%. Noninvasive mechanical ventilation was used in 10% of patients. Endotracheal intubation was eventually required in 15% of these patients within the ensuing 24 hrs, and these patients had an eventual hospital mortality of 18%.
Patient Disposition and Follow-Up Visits. The dispositions of the patients and follow-up findings are listed in Table  5 . Fifty-nine percent stayed on the original patient care unit with 24% transferred to the intensive care unit and the others to either intermediate care or telemetry units. Values are n (%). Values are n (%). Values are n (%). ICU nurses performed 24-hr follow-up visits on Ͼ97% of RRT patients. In no case did the 24-hr follow-up visit affect the patients' care plan despite the follow-up nurse being able to recall the RRT if needed. A second RRT call within 24 hrs of the first was also very uncommon, occurring only five times during the entire study period.
Cardiac Arrests and ICU Admissions. Figure 1 displays the monthly results. These data include all arrests, including those that occurred after an RRT call had been made for a given patient. In the 5 months before the RRS began, there was an average of 7.6 cardiac arrests per 1,000 discharges per month. In the subsequent 13 months, that figure decreased to 3.0 cardiac arrests per 1,000 discharges per month. Thus, implementation of the RRS was associated with a 60% decrease in the frequency of such arrests. Overall hospital mortality the year before the RRS was 2.82%, which decreased to 2.35% by the end of the RRT year.
The percentage of ICU admissions that were unplanned decreased from 45% to 29%. The total number of ICU admissions also decreased during the first year of the RRS compared with the prior calendar year from 1,221 to 1,096. However, the average ICU length of stay increased from 3.49 to 3.90 days. Figure 2 shows the results of linear regression analysis on major outcome variables. In the case of cardiac arrests, the coefficient of time tells that cardiac arrests decreased by a factor of 0.464 with each succeeding month with 77.89% of the variance explained by the model. Analysis of year over year mortality rates, as well as total and unplanned ICU admissions, also showed declines. In all cases, analysis of variance fitting of the linear regression model produced an F test with a p value of Ͻ.05. However, ICU length of stay showed no significant relationship with implementation of the RRS over time.
The means and standard deviations for each of the time blocks are presented in Table 6 . As can be seen in Figure 3 , cardiac arrests, total ICU admissions, and unplanned ICU admissions decreased significantly over time. Neither the mean hospital total mortality rate nor the ICU length of stay varied significantly over time, however.
The satisfaction of the referring nurses with the RRTs performance was extremely high, with 98% of nurses reporting as extremely satisfied.
The financial cost of the program was not small. Two additional PAs were hired, and one ICU nurse per shift was dedicated to the RRT team, which added Ͼ$350,000 to the cost. Additionally, staff RRS training accounted for $50,000, and the costs of airway and critical care training for the PAs amounted to $60,000. Thus, the start-up costs for the first year were Ͼ$460,000. However, the RRS was associated with a decrease in total cardiac arrests from 10.60 during the first time period to 2.80 in the fourth. Annualized, this would result in almost 94 cardiac arrests avoided at a cost of $4,946 per arrest avoided.
DISCUSSION
This study demonstrates an association with the deployment of an RRT led by PAs with specialized critical care skills as part of an overall RRS and decreases in out-of-ICU cardiac arrests. There was also a significant decrease in the rate of total and unplanned ICU admissions. These results are comparable to the results of previously published studies in which the MET was led by a physician as a first-line responder (2, 3) .
Staffing shortages, particularly for intensivists, make using traditional METs staffed by physicians relatively impractical for many institutions. Cost constraints are also a significant barrier for many hospitals. Although an RRS may well save money in the long term, this can be difficult to appreciate for many hospitals facing increasing cost pressures from all sides. Using PAs in this role helps address both of these barriers to implementation.
Our study also showed that properly trained PAs were able to successfully manage emergency airway situations without physician intervention in the majority of cases. There were no instances of either death or serious complications, including pulmonary aspiration, that were attributed to PA airway management.
The decrease in both cardiac arrests and unplanned ICU admissions in our study was similar to those of other published trials with positive results (2-4, 7, 8) . Possible reasons for the decreased frequency of adverse events associated with the various types of RRSs have been discussed elsewhere, but all systems seek to solve a mismatch between the evolving needs of the patient and the current level of care provided and to do so at the earliest possible time (1) . The overall mortality rate did decline over the course of the study although, when analyzed across time, not in a statistically significant way. This may reflect the large denominator of total hospital admissions and fairly low baseline mortality rate. However, since in-hospital cardiac arrest carries a very high mortality, we believe that there is no doubt that the RRS saved lives.
We were surprised by the frequency at which new limits on care were instituted during RRT calls. These patients represented 10% of all calls, and many would have received intervention with advanced forms of life support had these discussions not taken place. This may in part explain the decreases seen in both total and unplanned ICU admissions that we observed. The 35 patients who had their resuscitation status changed by the RRT also influenced the incidence of cardiac arrests, although not the overall mortality rates. An arrest was recognized only if a resuscitation attempt was made, whereas mortality rates were calculated based on total deaths regardless of resuscitation status. Alternative outcomes for these 35 patients cannot be predicted, but they were all quite ill. However, even adding these 35 arrests to the total for the study period still leaves a sizable impact on the arrest rate by the RRT. The fact that without the RRT, 10% of patients would have been subject to life support interventions that they did not desire is a topic that should be investigated in future studies.
We also found that 24-hr follow-up visits did not change patient management or eventual outcome. Although 14% of patients were judged as having deteriorated medically since the original RRT evaluation, all had either new or preexisting orders that placed limits on life support measures that could be used.
Our study has a number of limitations, the most significant of which is that it is not a randomized trial. Addi- tionally, there are many factors that might influence the clinical outcomes of hospitalized patients in addition to the RRS. Although the case mix index of all hospitalized patients was the same in the year before and during the first year of the RRS, this does not adequately account for differences in acuity that might have been present. Nursing staffing patterns were also generally unchanged, but we could not account for day-to-day variations in unit staffing that might have affected recognition of a decompensating patient.
A type of Hawthorne effect in which staff performance improves due to knowledge of observation is likely also at play, although its magnitude relative to the clinical interventions cannot be estimated. Indeed, this change in staff behavior is exactly what is intended. Thus, strictly speaking, some would not consider it to be a true Hawthorne effect, particularly since this was not a randomized controlled trial. Finally, other quality improvement projects were ongoing, although the RRS was the major improvement project undertaken during the study period.
Further research should focus on the differences in outcomes and utilization patterns for high capability vs. intermediate capability teams. Are first responders with advanced airway and central venous access skills essential or simply desirable? The identification of variables, both clinical and others, that place a patient at risk for requiring RRT calls would also prove very useful (9 -13) .
CONCLUSION
This study showed that an RRT team led by PAs with advanced critical care skills is associated with decreased rates of cardiac arrest as well as total and unplanned ICU admissions when part of a larger RRS in a community hospital. Emergency airway management can be safely accomplished with this system without major complications. Although both financial and personnel resources may be limited, an RRT led by PAs can improve several key metrics relating to quality of care and may be a worthwhile investment for hospitals to make.
